Colorectal carcinogenesis: sequential steps in the in vitro immortalization and transformation of human colonic epithelial cells (review).
The development of colorectal cancer is an excellent example of the complex multistage nature of carcinogenesis and most colorectal cancers are thought to develop from adenomas. In this paper we have reviewed in vitro models developed in our laboratory for the study of human colorectal carcinogenesis. For these studies epithelial cell lines have been isolated from hereditary and sporadic colorectal adenomas representing different stages in tumour progression. Karyotypic analysis has shown specific abnormalities of chromosomes 1, 7, 14, 17, 18 and 22 to occur in these premalignant adenoma cell lines. The majority of cell cultures derived from small adenomas (less than 1 cm in diameter) senesced whereas the larger adenomas (greater than 2 cm in diameter) were more likely to give rise to immortal cell lines indicating that the acquisition of in vitro immortality occurs at a relatively late stage of colorectal carcinogenesis. Abnormalities of chromosome I have been implicated in tumour progression and in the in vitro immortalization of colorectal adenomas. Furthermore, several stages have been described in the transformation of an adenoma cell line PC/AA to a tumorigenic phenotype. Sodium butyrate and the potent carcinogen N-methyl-N-nitro-nitrosoguanidine (MNNG) were used in this transformation. Sodium butyrate is proposed to act as a possible promoter of colorectal carcinogenesis, and MNNG to cause the further genetic changes required for the conversion of the premalignant cells to a carcinoma. Markers to study the progression of an adenoma cell line to a tumorigenic phenotype in vitro include in vitro immortalization, aneuploidy, clonogenicity, resistance to the inhibitory effects of sodium butyrate, anchorage independent growth, ras gene activation, production of active proteinases and tumorigenicity in athymic nude mice. A role for a constitutively produced tumour promoter in colorectal carcinogenesis is discussed together with the possibility that different events are involved in the development of sporadic versus hereditary tumours due to the importance of the microenvironment in hereditary cancer. Our in vitro progression provides the first experimental evidence for the adenoma to carcinoma sequence and the cytogenetic evidence suggests that it is relevant to in vivo carcinogenesis.